The aim of this study was to explore the relationship between neutrophil-related factors, including neutrophil-lymphocyte ratio (NLR) and the responses of neutrophil to granulocyte colony-stimulating factors (RNG), and the prognosis of patients with locally advanced cervical squamous cell carcinoma (LACSCC) undergoing cisplatin-based concurrent chemoradiotherapy (CCCRT). A total of sixty LACSCC patients were enrolled in this study. We analyzed the association of NLR or RNG with clinicopathologic characteristics of these patients. The prognostic factors were evaluated by univariate and multivariate survival analysis. The optimal cut-off value of the NLR was determined to be 2.0 for the overall survival (OS). A higher level of the NLR was associated with younger age ( = 0.017) and higher baseline platelet count ( = 0.040). NLR was identified to be the only independent prognostic factor for OS by multivariate analysis ( = 0.037). The median RNG was 3.01, with a range of 1.19-16.84. RNG level was significantly associated with lymph node metastasis of these patients ( = 0.023). And higher RNG was identified as being a closely independent poor prognostic factor for OS ( = 0.055). This study showed that NLR and RNG may be used as potential biomarkers for survival prediction in patients with LACSCC receiving CCCRT.
Introduction
Cervical cancer is the second most common type of cancer and the leading cause of cancer death in female in developing countries [1] . In patients with advanced stage disease, the standard treatment is cisplatin-based concurrent chemoradiotherapy (CCCRT), followed by brachytherapy [2] . Tumor size, lymph node status, International Federation of Gynecology and Obstetrics (FIGO) stage, and pretreatment hemoglobin level were reported to be independent prognostic factors for locally advanced cervical cancer [3, 4] . However, to further improve the treatment outcome of these patients, more prognostic factors are still needed.
Recently, neutrophil-lymphocyte ratio (NLR) was evaluated as a prognostic indicator in many types of cancer including gastrointestinal tract malignancies [5] , hepatocellular carcinoma [6] , pancreatic cancer [7] , and non-small-cell lung cancer [8] . Although the prognostic significance of NLR has also been investigated in cervical cancer [9] [10] [11] [12] , the value of NLR in survival prediction of patients with locally advanced cervical squamous cell carcinoma (LACSCC) who received CCCRT remains unknown.
Neutropenia is the most common therapy related toxicity of LACSCC patients who received CCCRT [13, 14] . The duration of neutropenia can be minimized with the use of granulocyte colony-stimulating factors (G-CSFs) [15] . However, the responses of neutrophil to G-CSFs (RNG) among patients are variable [16] [17] [18] , which may impact the prognosis of LACSCC. To the best of our knowledge, the prognostic value of RNG in LACSCC has never been investigated.
In current study, we hypothesized that neutrophil-related factors, including NLR and RNG, were prognostic indicators of patients with LACSCC who underwent CCCRT. The prognostic values of NLR and RNG in LACSCC were evaluated. 
Materials and Methods

Patient Population.
The study included 60 consecutive patients with pathologically confirmed cervical cancer who underwent CCCRT from June 2009 to June 2010 at General Hospital of Ningxia Medical University. Clinicopathologic information of these patients, including age, pathologic diagnosis, histologic grade, tumor size, lymph node status, parametrial invasion, FIGO stage, baseline hemoglobin level, and platelet count, was obtained from medical records. Patients with hematologic, autoimmune, or infectious diseases were excluded. This study was approved by the ethics committee of our hospital.
Treatment and Follow-Up.
The pretreatment evaluation included a review of the patient's history, physical examination, performance status, gynecologic examination, chest Xray, complete blood count, blood chemistry, and abdominalpelvic magnetic resonance imaging (MRI). Cystoscopy and sigmoidoscopy were performed when indicated. Radiotherapy included external beam radiotherapy up to 50 Gy and low-dose rate brachytherapy, six applications of 6 Gy. Chemotherapy consisted of weekly intravenous cisplatin administration (40 mg/m 2 ) for 5 cycles concomitant with external pelvic radiation. Treatment response was clinically assessed according to RECIST version 1.1 [19] . Treatment toxicity was classified according to the National Cancer Institute Common Terminology Criteria for Adverse Events (CTCAE; version 4.0) [20] .
The patients were followed up every three months for the first two years, in six-month intervals for the next three years, and every year thereafter. During the routine follow-up, imaging studies including CT or MRI and chest X-ray were performed annually and when tumor recurrence was suspected based on clinical findings or imaging studies, biopsy of that lesion was performed on a case-by-case basis. Overall survival (OS) time was defined as the interval between date of the completion of treatment and death, or the last followup, and progression-free survival (PFS) time was defined as the period from date of the completion of treatment to the occurrence of local recurrence or distant metastasis or the last follow-up. Patient follow-up was maintained until death or the cut-off date of June 2015.
Definition of NLR and RNG.
All baseline white cells and differential counts were obtained within one week before CCCRT. The NLR was defined as the absolute neutrophil count divided by the absolute lymphocyte count. During the CCCRT, some patients may develop neutropenia. The absolute neutrophil count of first neutropenia during treatment was defined as 1 . After the G-CSFs therapy, the absolute neutrophil count was defined as 2 . RNG was calculated as 2 / 1 .
Statistical Analysis.
The associations between NLR or RNG and the clinicopathologic variables were analyzed by a chi-square test. The overall and progression-free survival curves were calculated according to the Kaplan-Meier method with the log-rank test. Prognostic factors with significance values of less than 0.05 in a univariate analysis were entered into a multivariate analysis, which was conducted using the Cox proportional hazards model with the backward likelihood method. All reported values were two-sided, and less than 0.05 was considered statistically significant. SPSS 13.0 (SPSS Inc., Chicago, IL) was used for the statistical analysis.
Results
Patient Characteristics and Treatment
Outcome. The enrolled 60 LACSCC patients had a median age of 53 years (range 36 to 80 years). Histologically, all primary tumors were squamous cell carcinoma. Staging was performed according to FIGO staging system classification. Clinicopathologic characteristics of these patients are listed in Table 1 . All patients received the external beam radiotherapy and brachytherapy as indicated in the protocol. For myelosuppression and infectious complications, only 34 (56.67%) patients received 5 cycles of cisplatin-based concurrent chemotherapy. According to RECIST, the complete response rate of the whole cohort is 56.7%. The median follow-up time of the censored patients was 58 (range, 7-70) months. During the follow-up period, 23 patients were recurrent, and 19 patients were dead. The 5-year PFS and OS of the whole cohort were 56.60% and 61.30%, respectively.
The Prognostic Value of NLR.
The NLR value of the whole study population ranged from 0.99 to 6.91 with a median of 2.40. The optimal cut-off value of the NLR was determined to be 2.0 for the OS. We analyzed the association of the different NLR levels with clinicopathologic characteristics of patients. There were no significant differences in the clinicopathologic characteristics between the patients with high NLR level and those with low level, except age and baseline platelet count. It was found that a higher NLR level (≥2.0) was associated with younger age ( = 0.017) and higher baseline platelet count ( = 0.040). However, the NLR was not significantly associated with the response of cervical cancer to CCCRT (Table 1) .
Compared with a lower NLR, a higher NLR was associated with significant worse PFS ( = 0.004) and OS ( = 0.022) (Figure 1 ). Other significant prognostic indicators identified by univariate analysis included lymph node metastasis ( = 0.029) and FIGO stage ( = 0.044) for OS. These variables were selected for multivariate analysis using a backward likelihood method, and only NLR ( = 0.037) was identified to be independent prognostic factor for OS. For PFS, only lymph node status ( = 0.032) was identified as an independent prognostic factor in univariate analysis. The detailed results were shown in Tables 2 and 3 .
The Prognostic Value of RNG.
In the whole cohort, 35 (58.33%) patients experienced neutropenia, including 19 Grade 1, 14 Grade 2, and 2 Grade 3 cases. RNG value of this subgroup patients ranged from 1.19 to 16.84 (median, 3.01). The median value 3.01 was selected as the cut-off of high and low RNG levels. The complete rates of 5 cycles concurrent chemotherapy in high and low RNG group were 55.56% and 58.82% ( = 0.832), respectively. The mean amounts of G-CSFs administration in high and low RNG group were 583.34 ± 69.66 g and 566.71 ± 85.58 g ( = 0.960), respectively. Table 4 shows the relationship of different levels of RNG and the clinicopathologic characteristics of patients.
The RNG level was significantly associated with lymph node status of these patients ( = 0.023).
According to the Kaplan-Meier analysis, the OS was significantly shorter for the patients in the high RNG group than for their low counterparts (52.94% versus 83.33%, = 0.011) (Figure 2) . However, the difference of PFS between these two groups did not meet statistical significance. We Disease Markers 5 performed univariate analyses to determine the prognostic factors for OS of these patients. Lymph node status ( = 0.025) and RNG level ( = 0.002) were prognostic predictors for poor OS. The multivariate analysis confirmed that RNG level was a closely independent prognostic predictor for OS ( = 0.055). The detailed results were shown in Tables 5  and 6 .
Discussion
It has been recognized that inflammation is an important regulator in the genesis, progression, and metastasis of malignant diseases [21] . Patient response to malignant tumors comprises not only changes in the tumor microenvironment, but also systemic inflammatory alternations [22] . More recently, NLR was defined as a potential marker to determine inflammation in various malignant diseases [5] [6] [7] [8] . For cervical cancer, the association between NLR and clinicopathologic characteristics of patients, including age, tumor size, lymph node metastasis, FIGO stage, and depth of stromal infiltration, has been demonstrated. The correlation between the increase of NLR and prognosis of cervical cancer 6 Disease Markers has also been found in these studies [9] [10] [11] [12] . However, there was large heterogeneity in the disease stage and treatment modality of these studies; thus the prognostic value of NLR in cervical cancer, especially for LACSCC, remains controversial.
In this study, we assessed the clinicopathologic relevance and prognostic value of NLR in LACSCC patients who underwent CCCRT. We found that NLR was associated with some important clinicopathologic characteristics of LACSCC, including patient age and baseline platelet count. In addition, Kaplan-Meier analysis confirmed that patients with high NLR had a significantly poorer PFS and OS compared with patients with low NLR. Cox regression analysis revealed that NLR was an independent prognostic indicator for OS of patients with LACSCC, but not for PFS. These findings were also confirmed in other studies (Table 7) . Lee et al. CRT, chemoradiotherapy; NCT, neoadjuvant chemotherapy; LN, lymph node; CR, complete response.
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Disease Markers [9] reported that patients with cervical cancer of the higher NLR group were younger in age and had more advanced staged disease when compared with those of the lower NLR group. In multivariable analysis, higher pretreatment NLR was identified as being an independent poor prognostic factor for survival. Zhang et al. [11] evaluate the clinicopathologic and prognostic values of NLR in patients with cervical cancer undergoing primary radical hysterectomy with pelvic lymphadenectomy. They found NLR was highly associated with depth of stromal infiltration and lymph node metastasis. Multivariable analysis showed that the NLR was an independent prognostic marker for PFS, but not for OS. They concluded that the preoperative NLR may be used as a potential and easy biomarker for survival prognosis in patients with cervical cancer receiving initial radical hysterectomy with pelvic lymphadenectomy. Mizunuma et al. [12] retrospectively analyzed 56 patients with squamous cell carcinoma of the uterine cervix who underwent RT or concurrent chemotherapy and RT. They demonstrated that NLR was a significant prognostic factor for PFS and OS.
Patients with a high NLR had significantly shorter PFS and OS than those with a low NLR. Furthermore, in comparison to a high NLR, a low NLR was significantly associated with a complete response. However, we observed no significant correlations between the NLR and response rate of CCCRT in this study. The possible reason for the differences may be attributed to the various stage of the enrolled patients and the different treatment regimens between these two studies.
The specific mechanisms as to the relationship between high NLR and poor survival of cancer have yet to be identified. There are some points that can be used for interpreting these results. Firstly, pretreatment neutrophil and lymphocyte numbers indicate the level of systemic inflammation. Inflammation is known to change the microenvironment of a tumor and promote angiogenesis and metastasis [21, 23] . Secondly, high-density circulating neutrophils may adversely affect the tumor-bearing host, resulting in a negative association between neutrophil density and patient survival [11] . Circulating lymphocyte has been shown to secrete cytokines, which prevent proliferation and metastasis of tumor cells and have an important function in cytotoxicity [24] . NLR can reflect the balance between host inflammatory response and immune response. The imbalance of NLR could lead to a negative association with oncologic outcome. Thirdly, neutrophils have been proved to contain and secrete vascular endothelial growth factor, IL-18, and matrix metalloproteinases, which directly contribute to tumor-related angiogenesis, tumor growth, and metastasis [25, 26] .
In the second part of our study, we examined the RNG levels in LACSCC and its correlation with patient prognosis. We found that high RNG level was significantly correlated with shorter OS and RNG level was a closely independent prognostic factor for OS of patients with LACSCC. RNG level was significantly associated with lymph node metastasis of LACSCC which has also been demonstrated. However, the mechanism underlying these results has not been elucidated yet. A possible explanation is that G-CSFs induced the production of myeloid derived suppressor cells (MDSCs), especially in the sensitive patients [27] . These MDSCs could cause rapid progression of cervical cancer, leukocytosis, and treatment resistance. Mabuchi et al. depleted MDSCs, which succeeded in inhibiting the progression of cervical cancer, leukocytosis and enhancing radiosensitivity [28] . Additionally, as the production of G-CSFs, neutrophil may also contribute to the progression of cervical cancer. An increased neutrophil count in the peripheral blood has been suggested to be a significant prognostic factor in patients with a variety of cancers, including metastatic melanoma, renal cell carcinoma, non-small-cell lung cancer, breast cancer, head and neck carcinoma, and sarcoma [29] . Vascular endothelial growth factor, interleukin-18, and matrix metalloproteinases, secreted by circulating neutrophils, contribute to the tumorrelated angiogenesis, tumor growth, and metastasis [30] [31] [32] .
Some limitations of this study should be noticed. Firstly, this study is limited by its retrospective design and singleinstitution experience. Secondly, the lack of analysis on the correlation of these findings in the bloodstream with the intratumoral infiltrate is a major limitation of this study. Finally, the cut-off value for NLR was 2.0, which was selected based on its prognostic value in our data set. It needs to be verified in a validation cohort.
In conclusion, this study highlights the potential of NLR and RNG as additional prognostic indicators in patients with LASCC who had been treated with CCCRT. However, the results of current study need to be validated in larger prospective studies in near future.
